Introduction
The northern Schwarzwald (northern Black Forest) is today one of the most densely-forested landscapes in central Europe. In some parts, particularly in the higheraltitude Grindenschwarzwald, forest cover is more than 90% (Fischer 1967; Huttenlocher, Dongus 1967) . The mountains have a north-south extension of less than 60 km and a west-east extension of about 40 km, with an altitude up to 1163 m asl (Hornisgrinde). If one ignores the deep and narrow valleys of Enz, Nagold, Murg and some smaller rivers, mean elevation increases from more than 600 m asl in the east to more than 1000 m in the west. The bedrock is mostly Triassic sandstone, but also granite, resulting in rather poor and acidic soils. The climate is sub-oceanic, with decreasing temperatures and increasing precipitation as altitude increases. The Hornisgrinde (1163 m), for example, has an annual mean temperature below 5°C and an annual precipitation of 2000 mm.
The Schwarzwald National Park, since 1 st January 2014, is situated in the southwestern part of Nordschwarzwald, with elevations over 1000 m. A major aim of the park`s management policy is to re-establish a natural forest cover. After an initial phase during which active -though restricted -forest management is allowed, this re-establishment of the natural forest should happen without any human interference. Finally, the potential natural vegetation should cover the entire park (Tüxen 1956; Dierschke 1994) . In the actual present-day vegetation, Picea abies, introduced and planted since the 19 th century, is the most frequent tree with a coverage of more than 60%. Abies alba and Fagus sylvatica, which are regarded as the main trees of the natural mountain forest in Schwarzwald, are much rarer and cover about the same area as Pinus sylvestris. Other trees, such as 
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High-resolution pollen profiles from the centres of all the cirque lakes of the northern Schwarzwald give new evidence on the forest and landscape history of the Schwarzwald National Park and its vicinity during the last six millennia. In the early 4 th millennium, Abies alba became the most frequent tree of the mountain forest; it had invaded the region several centuries earlier together with Fagus sylvatica. The trees replaced were Quercus, Ulmus, Tilia, Fraxinus, and Corylus. The first human impact occurred towards the end of the 4 th millennium: small-scale deforestation, followed by reforestation -starting with Betula. As a consequence, Fagus increased and became more frequent than Abies. In spite of heavy human impact and clearances, especially during the pre-Roman Iron Age and the High Medieval period, Fagus and Abies remained the main trees of the mountain forest. Due to human promotion, Quercus petraea, which before had nearly disappeared, became the third-most important tree during the Late Medieval period. In the early Modern period, the forest became systematically over-exploited and to a greater part destroyed, and Quercus and later Abies became seldom or even disappeared. According to the pollen record, Picea abies was not present in the area before the Medieval period, but took advantage of the forest devastation of the early Modern period, and was planted preferentially as a forest tree from the 19 th century. But it remains unclear whether, in the Schwarzwald National Park without any human impact in the future, the natural forest of Abies and Fagus will come back, because there are still disturbances such as hurricanes and bark-beetle, and overstocking of red deer. Figure 1 ). Buhlbachsee and Ellbachsee also have open water surfaces, but artificially caused by dams in early Modern times; their purpose was to flush wood into the valley. All the lakes are rather small, with water surfaces between 1.3 and 3.7 ha.
All lakes are situated at distances of more than two km from lowlands lower than 700 m asl and are either inside or close to the national park. Thus a pollen analysis of their sediments should be the optimal instrument for getting to know the vegetation history of the national park: a precondition for a prognosis and comprehension of the park's future development. The relationships between the main components of the mountain forest, Abies, Fagus, and Picea, is thereby of particular interest.
Until recent years, the Schwarzwald was believed to have been colonized rather late, more precisely not before the High Medieval period (Hausrath 1938; Brückner 1981; Ottnad 1981; Schaab 2003; Wilmanns 2001; 2009) . After the formulation of some doubts, based on palynological and archaeological evidence (Frenzel 1982; Radke 1973; Jensen 1986 ), mining-archaeological research of the last decade has supported the idea of a much earlier colonization of at least parts of the region (Gassmann et al. 2006) . But archaeological evidence is still rare, especially for prehistory. The reasons for this are: the lack of salvage excavations, because there is neither agriculture nor extended building activity; the difficulty of archaeological prospecting due to the topography; and also due to the fact that in the acid soil neither bones nor pottery are preserved.
To get a better understanding of the land-use history of this region, differentiated in space and time, the Laboratory for Archaeobotany of the Regional Heritage Institute BadenWürttemberg, with financial support of the DFG, initiated a fresh vegetation historical project, dealing first with peat profiles from the mires Bruckmisse and Wildseemoor, and later with lake sediments from the centres of the abovementioned cirque lakes (Rösch 2009a; 2009b; 2009/10; 2012; Rösch et al. 2005; 2009 , Rösch, Tserendorj 2011a 2011b) . This paper deals with the results of this project. It tries to answer the questions: how was the vegetation and particularly the forest in this region composed, before human impact changed the situation? Can this early natural state be regarded as a model for the potential natural vegetation? And can this natural state be attained, without management, under the given general setup?
Material and methods
Pollen analysis is the most used and approved method in vegetation history (Berglund 1986) . Its direct results are the relative or absolute contents of pollen types in sedimentsand these are proxy data for forest cover and composition.
To come from pollen percentages to vegetation, these proxy data must be calibrated. Calibration methods have been developed, for example, by Andersen (1970) and by Sugita (2007a; 2007b) . They consider the differences in pollen production and dispersion of different species. But these methods cannot answer the question about the point of origin of a single pollen grain. This also influences the question of where does the pollen deposited in a lake or mire come from (Tauber 1965) . As a general rule we can assume that with increasing distance between the point of origin and the point of deposition the amount of pollen decreases exponentially. The correlation between vegetation and pollen spectra is not constant, but must be evaluated for every region specifically. Unfortunately a transfer into the past is in principal impossible, but there is agreement that small lakes generally reflect the vegetation in a radius of 1-2 km (Sugita 1994; 2007b) .
Most of a plant's pollen remains with the plant and in its direct vicinity. Some pollen, especially of wind-pollinated plants, can reach the upper atmosphere with the help of updrafts. The speed of fall in air of pollen is low compared to typical wind velocities; hence some pollen can be transported rather far. Close to the ground, tall vegetation, and particularly forest, filters much of the pollen from the air, before it can be deposited on the surface of a lake or mire. Therefore a small lake or mire whose surroundings are densely forested has less influx of far-distance pollen than a large basin in an open landscape. We can assume that most of the pollen deposited in the small, forest-surrounded, Schwarzwald lakes originated from distances of perhaps 1-2 km. The pollen component transported from further away should not exceed 10% (see below). In a flat or hilly landscape, a pollen input from several km would not be problematic, because in such landscapes the same vegetation units cover huge areas and vegetation gradients are shallow. In mountains, a horizontal distance of a few km can involve a vertical gradient of several hundreds of meters and therefore sharp changes in vegetation. The horizontal component of the transported pollen flux may be the same as in the flat landscape area, but it is not possible to resolve from which altitudinal belt the pollen has originated. The fact that not all pollen types behave in the same way does not make the problem any easier. We can assume that the pollen of windpollinated trees, as for example Pinus, is capable of being transported rather far, but pollen of wind-pollinated NAP (Non-arboreal pollen), for example Poaceae, only in those cases when they grow in open vegetation. Pollen of forest grasses has only a very slight chance of escaping the forest and travelling very far. Even such grasses of forest-recovery stages as Festuca, Deschampsia, Calamagrostis, Agrostis and others, which are components of the natural forest, are hardly reflected in the pollen spectrum outside of the forest: because their pollen has hardly a chance of leaving the small clearings and reaching the atmosphere (Tauber 1965) . In the natural forest, after the early Holocene reforestation, the NAP percentages in lake sediments are therefore in most cases clearly below 5%. Zoogamous plants have a much lower pollen production than wind-pollinated plants. There transport distance depends on the cruising radius of the animal in question. Hexapods, for example the honey bee, can cover several meters up to a few kilometres. Birds can carry pollen in their intestines or in there plumages much farther.
Another problem, already discussed by Firbas (1949) , is how to interpret pollen percentages below 1. Generally, vegetation history can prove the presence of a species, but not its absence (recently Ammann et al. 2013) . The practical approach is the assumption that a species which is neither documented by pollen nor by other evidence, most probably did not occur. If an anemophilous tree with a rather high pollen production such as Picea should have less than 1%, then the pragmatic point of view would explain these few pollen grains as being transported long-distance, and conclude that Picea is not present in the immediate area. A plausible conclusion maybe, but one that can only be verified by studies comparing actual vegetation and pollen precipitation (cf. Pidek et. al. 2013 ). But we can assume, with very high certainty, that the species was at least very rare. This discussion is important because we want to know if the pollen influx into the high-altitude Schwarzwald lakes reflect local events, or events, that took place at some distance away and at much lower elevations.
To estimate the amount of long-distance transported pollen in the recent pollen spectrum, the registered pollen and spore types were classified into four classes "local AP", "local NAP", "long-distance AP", and "long-distance NAP" (Table 2, Figure 2 ). The criteria for the classification were our own vegetation observations and the upper-altitude limits for plant species in the Schwarzwald in Oberdorfer (1970) .
All cirque lakes were sampled using a modified Livingstone sampler with a tube length of 1 m and a tube diameter of 5 cm (Merkt, Streif 1970) . The cores were taken in the centres of lakes at maximum water depth, using a platform. All sediments from the water/sediment-limit down to the Late Weichselian clay were taken. Each profile was dated with about 20 radiocarbon dates to enable reliable time models and the construction of time-linear pollen diagrams. A test to compare the ages of bulk and plant macrofossil data yielded no significant differences, because limestone is lacking in the region. Therefore we could use bulk data.
All profiles were investigated with sampling intervals between 5 and 10 cm below the first occurrence of Abies and Fagus, and above to the top of the core in 1 cm-intervals without gaps. The pollen sum in each sample was at least 1000 arboreal pollen. Loss-on-ignition was determined using the same sampling concept.
To evaluate the actual pollen spectra at each lake, samples from mosses from their shores were used. The aim was to evaluate the relation between recent vegetation and pollen spectra, to detect long-distance transported pollen, and to have a time control for the upper ends of cores. All data were processed using the programs Tilia and Taxus. For the calculation of percentages, water plants, spores and Cyperaceae were excluded from the pollen sum. All ages mentioned in this paper are calibrated.
Results and discussion
General outline of the Holocene vegetation history of northern Schwarzwald
The studies of Glaswaldsee, Wilder See, Huzenbacher See, and Herrenwieser See are published (Rösch 2009a; 2009b; 2009 /2010 2012; Rösch, Tserendorj 2011a; 2011b; Rösch et al. 2009 ). Mummelsee, Schurmsee und Buhlbachsee are the topic of a PhD thesis at Göttingen University by Gegeensuvd Tserendorj. The evaluation of the Ellbachsee profile is in preparation.
All profiles depict the history of vegetation and landscape from the Late Weichselian to Modern times without gaps, and for the Subboreal and Subatlantic with very high time-resolution. Before the increase of Abies alba, the development in all profiles is very uniform in time and space. (Figure 3 ). Afterwards there are still similarities between the pollen profiles, but differences in detail, concerning timing of events, forest cover and forest composition. Very significant are the differences during prehistory, whereas during the Medieval and Modern Ages the vegetation history is again rather uniform. From these differences we can conclude that the lakes reflect the situation of their surroundings, up to a distance of most probably not more than 1-2 km, without any major input from longer distances; if there had been pollen input originating from the Rhein valley, reflecting human impact in the lowlands, then all the lakes would have shown an identical picture. We can also conclude that the development of the cultural landscape during the Bronze and Iron Age happened at a local scale.
According to the increase of terrestrial NAP (yellow areas in Figure 3 ) the onset of strong deforestation in the local environs of the lakes had already occurred in the Bronze and pre-Roman Iron Age. This first strong deforestation phase is separated from the Medieval deforestation by a reforestation phase of the Migration and Early Medieval period. The extent and age of these early deforestation phases are different, as well as the percentages of Abies alba (blue lines in Figure 3 ). These differences between the lakes are evidence for the events being local. As already pointed out, the archaeological evidence is weak, but there is proof for extensive mining activities in the North Schwarzwald during the pre-Roman Iron Age (Gassmann et al. 2006) . In the profiles, Buhlbachsee, Wilder See and Mummelsee, situated near the steep western slopes, as well as at Schurmsee, Abies alba was less frequent. Most frequent was Abies alba at Glaswaldsee in the south, at Huzenbacher See, situated farthest to the east, and at Herrenwieser See, the northernmost lake. But at all lakes, it is, together with Fagus sylvatica, the most frequent tree of the mountain forest, from its first increase until the Late Medieval period. During this time -about five millennia -the pollen curves of Picea abies remain low, hardly exceeding 1% (red lines in Figure 3) .
We can in summary say that the natural forest in northern Schwarzwald was a forest without Picea abies but dominated by Abies alba. However, this natural state had already ceased about 3000 BC due to increasing human impact. Afterwards, Fagus sylvatica became as or even more frequent as Abies alba, but Picea abies was still absent.
Vegetation changes of the last five millennia
according to the pollen record of Herrenwieser See The main trends are visible in all profiles, but Herrenwieser See is a representative pollen profile for Nordschwarzwald, because out of all the lakes it has the longest lithostratigraphy and therefore the best time resolution (Figure 4 ; Rösch 2012) .
Abies alba appears at Herrenwieser See shortly after 5000 BC, shortly after Picea abies and at the same time as Fagus sylvatica (start of continuous pollen curves). Until 4000 BC, the percentages of all 3 taxa remain below 1%. From 4000 BC, together with the mid-Holocene Ulmus decline (Peglar, Birks 1993) , Abies increases and reaches around 3300 BC 27.5%. After a decline to minimal 5.5%, accompanied by a Betula peak, Abies increases again and obtains around 2800 BC its maximum value of almost 50%. Only 100 years later, Abies decreases again to less than 9%. At the same time Betula, Quercus and Fagus sylvatica increase. Afterwards, Abies recovers and obtains, about 2400 BC, once again 28%. These fluctuations of the Abies curve are no spurious effect of calculation, because the total pollen influx is more or less constant during the period considered. Therefore a decrease of the Abies curve from 27 to 9% indicates a real decline in the Abies pollen influx.
The following fluctuations of the Abies curve are slightly less. Until 700 BC it has between 10 and 15% and afterwards until 300 BC between 15 and 20%; afterwards, until the Late Medieval, it has about 12%. During the Late Medieval and Modern Ages the values of Abies are mostly considerably below 10%.
The prehistoric declines of Abies are accompanied by single cereal grains (particularly around 2700 and 2300 BC), by an increase of apophytes like Plantago lanceolata (particularly 2600-2300 BC), and of charred particles (Figure 4 , around 2700 and 2400 BC) and followed by Betula peaks. There is also a decrease of LOI ( Figure 5 ) caused by minerogenic material from eroded topsoils in the catchment area. In general the LOI of Herrenwieser See gradually increases between 4500 BC and the 18 th century AD from 40 to 60%, a consequence of mire development and raw humus accumulation (Rydberg et al., in print) . Sudden and short decreases of LOI against this general trend at 3200, 2300-2000, 1800, 1400, 800, 600 and 200 BC, and after 800 AD indicate soil erosion.
The decreases of Abies are short-term events, taking place over a few decades. Natural causes like forest fires or windstorms are rather improbable. The recovery phases take somewhat longer -over one or two centuries; they may indicate a natural forest succession after the disturbance has ceased. However, other reasons cannot be totally ruled outneither can human impact.
The four decreases of Abies date to 3500 BC, 3000 BC, 2500 BC and 2200 BC and correspond to land-use phases described by Rösch (2012) . In contrast to the Bronze Age or younger land use, Neolithic land use is not correlated with a clear increase of NAP, because the Neolithic land-use systems did not result in permanent open vegetation with a lot of wind-pollinated grasses and herbs (Kuneš et al. 2015; Kalis et al. 2003; Rösch 1987) .
The first Abies decline dates towards the end of the Younger Neolithic (Michelsberg culture), the second and third into the Final Neolithic (Corded ware culture), the last into the Earliest Bronze Age -more precisely into the time of the Bell Beaker culture (Lüning 1996) . So an important forest change from Abies to Fagus, in some phases to pioneer or coppiced forest or even Quercus, happened not in the Medieval period, and not in the pre-Roman Iron Age, but already in the final two millennia of the Neolithic. It should also be mentioned here: the increase of the Pinus curve during the first Abies decline, most probably indicating occupation of the lake shores by Pinus; the decrease of Isoetes lacustris and I. echinospora, starting together with the Abies expansion; and the increase of Sphagnum and Calluna vulgaris, indicating paludification and a shift of the lakes' status from oligotrophic to dystrophic. There is no evidence of soil acidification to hamper the growth of Abies. All decreases of Abies, the prehistoric as well as the later ones, are also phases of LOI decrease, therefore phases of soil erosion ( Figure 5 ). Why Abies became so frequent before Fagus, why it decreased afterwards and lost its leading role to Fagus, and how it could still remain frequent till modern ages, needs further discussion. And, as already pointed out, clear archaeological evidence for pre-Iron age human occupation of the Schwarzwald is very scarce (cf. Valde-Novak, Kienlin 2002) . From the Bronze Age onwards, human impact is (Kalis et al. 2013; Rösch et al. 2014) .
In comparison with Abies, Fagus increases very slowly. Not until 3000 BC, during the first Abies decline, does Fagus exceed 10%. After the third Abies decline at 2200 BC, Fagus became the most common tree for a long time. During the pre-Roman Iron Age, Abies again became more frequent than Fagus. But not always increasing Fagus is correlated with decreasing Abies, and vice versa. Other trees, Betula, Pinus, Alnus, are also components of the forest ecosystem and influence, with changing pollen input, the curves of the other trees. These trees can grow within the forest as well as at the lake shore.
During the period being considered, Picea abies has always less than 1%. It does not achieve 1% until the Roman period. Not until the last decades of the Late Medieval period does its curve slowly exceed 1%. It climbs to 5% in the early Modern period, at Glaswaldsee, Buhlbachsee and Huzenbacher See somewhat earlier. In the topmost sediments of the long core of Herrenwieser See, dating to the late 17 th or early 18 th century AD. it always remains below 10%. At the top of the two short cores of Herrenwieser See, dating into the 19 th century AD, Picea increases to 20% (Rösch 2012) . In the actual pollen spectra, preserved in mosses from the shore of Herrenwieser See, Picea has 33%, about as much as Pinus, Fagus 7%, and Abies only 3% (Figure 6a ). With Betula, Corylus, Alnus and two thirds of the Pinus as local components of the lake shores excluded from the pollen sum, Picea has 54%, Pinus 16%, Fagus 11%, Abies 5%, Quercus 6% and other trees 8% (Figure 6b ). This is in good agreement with the recent forest cover of 60% Picea, 15% Abies, 10% Pinus, 5% Fagus and 10% other trees, especially when we keep in mind that this comparison was done without considering the differences in pollen production and distribution (Figure 7) . Even in the short core from Herrenwieser See, Picea remains below 20%, indicating a gap of at least the last several decades. The situation at the other lakes is very similar: The present dominance of Picea is well reflected in the pollen rain.
The ecological conditions triggering the forest composition
In the third millennium BC the expansion of Abies in Schwarzwald was complete. Abies was now the most frequent tree with 40% or more in the pollen spectrum and most probably an even stronger participation in the forest composition. Compared with Fagus and Picea, and even more so compared with Pinus and Betula, Abies is badly represented in the pollen spectrum (Andersen 1970) .
This phase of the vegetation history in Schwarzwald was appropriately called "Tannenzeit" (Lang 1955) . It represents the final stage of the natural forest development of the Holocene, triggered only by natural causes -climate, soil, plant migration, competition. All later changes took place under human influence. These changes can therefore be regarded, at least partly, as man-made degradation of the forest. Other trees took advantage of the anthropogenic disturbance, at first Fagus. It has similar ecological features and competitive power as Abies. The outstanding competitiveness of Abies in Schwarzwald is based on its maximal size and age, but mainly on its dark shading of other trees and its ability to tolerate shade in its youth (Ellenberg 1996) .
As is well known, Picea did not have any significance in Nordschwarzwald until the Modern Ages (Lang 2005) . Why Picea, which was present at high elevations in Südschwarzwald at least since the Subboreal, did not occur in the Nordschwarzwald in larger quantities before the Late Medieval period, is unclear. Ludemann (2014) discusses the early natural occurrence of Picea in Nordschwarzwald, but our data do not confirm this opinion and remove any doubt whether Picea did occur in the region during prehistory.
At least its occurrence in the forest on medium or good soils before the Medieval period can be excluded. Single azonal stands at mires, very steep slopes, or at the base of rock fans, protected from the competition of Abies and Fagus, may have been possible.
In the southern and central Schwarzwald, the situation for Picea was perhaps a little more favourable. Here it did occur at elevations above 1000 m asl, at the habitats mentioned above, already during prehistory (Lang 2005; Rösch 2000) .
The somewhat higher and earlier increasing percentages of Picea at Glaswaldsee (Figure 3 ) confirm that the history of Picea in Schwarzwald must be discussed at the local scale. At medium-elevation habitats, Picea could not take advantage of its earlier immigration, but was later replaced by Abies (Sudhaus 2005) .
We can conclude that the natural forest of Nordschwarzwald would be a forest without Picea, dominated by Abies and Fagus. For the Schwarzwald National Park the question then arises: Will such a natural forest without Picea come back by itself, and how much time will this take?
Quercus, today in Schwarzwald very rare, must also be discussed. Before the increase of Abies, the Schwarzwald forest consisted of Quercus petraea, together with Corylus avellana, Fraxinus excelsior, Ulmus, Tilia and Acer (Figure 4) . During the period of dominating Abies and Fagus, Quercus has been represented for more than three millennia rather constantly at 10%. Assuming 5% Quercus pollen as being transported long-distance ( th century), the timber stock of Nordschwarzwald was sold to the Netherlands for ship construction (Scheifele 1996) . The Duke of Württemberg and the Margrave of Baden needed the sale revenue to finance their budgets. Initially mostly Quercus was exploited, because sailing ships were constructed with more than 90% oak (Quercus). However, due to its high density, oak could only be rafted in combination with coniferous wood. There is historical evidence from written sources of the occurrence of Quercus up to the highest elevations of Nordschwarzwald (Scheifele, 1996) . The time of the "Holländertannen" (Dutch firs) came later, mainly during the 18 th century. When the absolutist sovereigns had finally achieved what many generations of farmers, charcoal burners and miners since the Iron Age had not been able to do -to nearly totally deforest the Nordschwarzwald -Picea came as an emergency measure for the forest administrators. Before the start of large-scale reforestation in the 19 th century, Picea was already present in the region from the 16 th century; it had already invaded disturbed forests (von Hornstein 1951) . Concerning the occurrence of Picea in the Modern Ages, vegetation history and forest history are in good accord (Hausburg 1968) .
3.5. General framework for the future forest development in Schwarzwald National Park Under natural conditions, Abies is the strongest competitor among the trees of the mountain forest, at least in Schwarzwald with a suboceanic, wet, and not-too-cold climate. Under different climatic and soil conditions, the story may be different. On the other hand, it is very sensitive against forest disturbance, especially most forms of human impact. It cannot recover from rootstock, is sensitive against fire, and cannot start as a first colonizer of clearings. Red deer and roe deer feed on young Abies saplings by preference and thus give other species such as Picea or Juniperus an advantage. Just how much damage caused through the browsing of game animals can influence today the future of the forest demonstrates a viewpoint on mixed forests of Abies and Picea that is held within the National Park (Figure 8 ). Picea seedlings can grow undisturbed, whereas Abies seedlings suffer strong or even lethal damage by game animal browsing.
Of the three most important mountain trees, Picea suffers least from browsing. Furthermore, it can act as a pioneer species in clearings. Thus game animals play a crucial role in the future of the forest (Senn, Suter 2003) . Not only in Schwarzwald, but in many other forests in Germany, an attempt at reforestation with deciduous trees or Abies is only possible by fencing off sensitive areas.
Throughout the entire Holocene red deer were present in Schwarzwald, and since the Bronze Age or even earlier there has also been browsing by domestic animals. Nevertheless, Abies remained together with Fagus the main tree in Schwarzwald until the High Medieval period. It was able to cope with this and other human impacts, perhaps even taking advantage from certain ways of forest management that did not include large clearings. Without the competition of Picea, the browsing had no lasting effect. Obviously, the damage on Abies seedlings made by domestic animals was less than that caused by game animals (Málek 1971; . On abandoned clearings, a pioneer forest of Betula gave Abies the chance to come back; perhaps the farmers kept the wild game density low to protect their fields. This situation changed when hunting became a privilege of the nobility and rich. Getting trophies was now more important than preventing the fields from being damaged. The density of wild game was artificially increased substantially to guarantee the hunters more success and more pleasure.
Abies was able to deal with this situation too. But when in the 19 th century huge clearings were reforested with Picea, its battle was finally lost. Abies could not be used to reforest the clearings because it is not a pioneer tree growing in open spaces.
Inside the national park there will be no artificially-created clearings in the future, but there will be clearings made by hurricanes and extensive damage by bark beetle. Therefore, there will always be some open land where the forest must start again. It is an open question as to whether, despite the overstocking of red dear, Abies will be able to successfully compete against Picea in this situation. Perhaps this will be the case when the reforestation, as in the past, will be initiated by Betula instead of Picea (Figure 4) . To give Abies a better chance, the populations of red and roe deer should be reduced drastically. Because of the national park's small size and its present contact to the surrounding landscape this will be difficult.
The history of Abies in Schwarzwald is not singular. There are, for example, similarities with that of the Bohemian Forest (Svobodova et al. 2001; . In the Southern Alps, Abies had increased and become the most common tree already in the 7 th millennium BC, but then nearly disappeared in the 4 th and early 3 rd millennium BC (Finsinger, Tinner 2006; Gobet et al. 2000; Tinner et al. 1999; van der Knaap et al. 2005) . Climatic change, forest fires, and human impact are given as reasons for this change (Wick, Möhl 2006; Rösch et al. 2012) . In eastern central Europe, Abies arrived later (Kozáková et al. 2011) ; here it reached its maximum during the Bronze and Iron Age. It then declined in the pollen record during the High Medieval. There are still open questions. The existence of different Abies races, each with different eco-physiological characteristics, must also be taken into account (Burga, Hussendörfer 2001) . Populations in regions with a warmer climate have perhaps lower shade requirements and higher drought resistance. Within a regional population, the range of eco-physiological behaviour and potential can be wide, allowing the species as a whole to deal with the changing environmental conditions. This would explain why Abies has expanded in the past in regions which are thought by geobotanists and forest scientists to be too warm and dry, for example, into the Hoch-and Oberrhein valley, and why the Late Medieval reforestation in lowland areas by the seeding of conifers, initiated by Peter Stromer in Nürnberg, was not only able to use Pinus sylvestris and Picea abies, but Abies alba as well (Lechner 2005; Wick, oral announcement; Hasel, Schwartz 2002) .
Conclusions
High-resolution and radiocarbon-dated pollen profiles from the central cores of small lakes in Nordschwarzwald have been able to reflect the history of landscape, vegetation and human impact during the last 11 millennia. This paper focuses on the history of the mountain forest and its main tree components and on possible reasons for the changes. The reasons for the shift from mixed oak forest to dominating Abies in the 4 th millennium BC are not clear, but at the same time there occurred a change in the lake ecology and chemistry, indicated by a decrease of Isoetes and by an increase of mercury (Rydberg et al., in press ). An acidification of the surrounding soil can be deduced by the increase of Calluna and Ericaceae. In the third millennium BC Abies decreased and Fagus became more frequent. This is accompanied by Betula peaks and some human impact indicators, of which, with good reason, we think, that they are local. From the third millennium BC to the first millennium AD the relation between Abies and Fagus remained rather unchanged. A point to mention is the strong role played by Quercus, having an occurrence even at higher altitudes. Picea was present only during the last millennium and became the most frequent tree when the vastly destroyed forest was reforested preferentially with Picea. Foresters, ecologists and botanists expect, or at least hope, that inside the Schwarzwald National Park, without any future human impact, Abies will regain its dominating role and will replace Picea. The vegetation history, at least of the last millennium, and the continuation of disturbances like windstorms, bark beetle, and the overstocking of game (deer), put some doubt on this expectation.
